Abstract. Torque arm is an important part of the telescopic landing gear, preventing the relative rotation between piston rod and cylinder, to ensure that the wheel is working properly. Based on the torsion stress analysis, the topology optimization theory of SIMP interpolation was adopted to investigate the force analysis of torque arm by virtue of shape optimization module of ANSYS Workbench. The results indicate that the optimized structure can meet the requirement in practice, while the weight reduction of torque arm was up to 16.7%. This research is of great value and significance for aircraft weight range.
Introduction
Torsion arm is generally used by the upper and lower arm, respectively, through the ears connected to the pillar of the landing gear piston rod and tube. Main bearing torque of playing an important role in the landing gear, in order to avoid the piston rod and shift between outer barrel, to ensure that the aircraft wheel and the fuselage in the same direction, to achieve the normal take-off and landing aircraft and ground driving [1] . From the perspective of modern aviation technology and mechanical design, torque arm not only needs to meet the load requirements, at the same time, it should also achieve lightweight design. "The struggle to reduce aircraft per gram weight" is the motto of the aircraft designers all over the world. In the realization of the aircraft weight loss in various ways, the structure optimization of mechanical parts is currently with the most practical and effective method.
Topology optimization is a relatively advanced optimization method for structural optimization Through optimization theory, with the aid of computer software, which can realize the optimization design of parts structure and layout. At present, the topological optimization design method of using more a SIMP interpolation method [2, 3] , the structure of the progressive method [4] , the level set method [5] , independent continuous mapping method [6] , and other methods. Among them, SIMP interpolation method combines with ANSYS Workbench, which can solve many engineering problems. Qi Xiaodong [7] uses ANSYS Workbench for the multidisciplinary optimization design of turbine disk, and good optimization results were obtained. ZengXiangliang [8] carries out the topological optimization based on ANSYS Workbench for the gantry of the Three Gorges Dam, maximum stress decreased by 26.2% after optimization. GaoDongQiang and XiaTian [9, 10] has optimized the DVG850 workbench, respectively, 23.2kg of the table and 10% of Slide weight lost.
In this paper, SIMP interpolation method is used in the topology optimization design, ANSYS Workbench is used to analyze the stress, on the basis of the structural topology optimization design. Finally, the optimization results are given, and stress analysis of the optimization result is made. Finally, the results show that the method is feasible.
SIMP Interpolation Model and Optimization Process
In the variable density method, interpolation model there are two main types: SIMP interpolation and the RAMP interpolation. Among them, the SIMP interpolation is the most commonly used, the interpolation model as shown in type (1). Where x is optimization variables, C is the total flexibility structure, F is the external load, U is displacement matrix, V is volume, V * is optimization for a given volume, K is whole stiffness matrix. In order to avoid singular of the calculation of engineering, the small numerical x min is introduced. Its detailed Matlab is shown in literature [2] .
Workbench Optimized Implementations
In this paper, ANSYS Workbench14.0 version is used for the structure optimization design of torque arm. According to the torque arm structure and force analysis (figure 1), Web is defined as optimization area, which is shown in figure 1 (a) . The optimization goal is defined as the minimum structural flexibility, and ensure that the structure stiffness meet the requirements of the stress. Constraint is defined as the volume constraint, optimize regional set volume by 20%. Torque arm material choose 40CrMnSiMoVA nickel low alloy high strength steel, the alloy after heat treatment has high strength, high fatigue and fracture performance, which is suitable for making important mechanical parts, aircraft landing gear components are often use the alloy. The tensile strength is 1988MPa, material density is 7.78g/cm3, elastic modulus is 200GPa, poisson's ratio is 0.3. Figure 1 (b) shows the boundary conditions and loading, in order to reduce the amount of calculation, the connection part of ear hole uses fixed support, the torque arm connecting hole up and down along the axis direction Y equivalent torque, size is 7500 Nm. See references [11, 12] for the specific calculating process of equivalent torque. (c) and (d) respectively express the equivalent stress contour and displacement contours. From the analysis results can be seen that the specified optimization of regional stress contribution to the minimum, which can undertake large ratio optimization. Figure 2(a) is results of the topology optimization, the specified optimization rate is 90%, the part of highlights is Removal material, grey part is the critical material, dark part is Retention material. (b) is finite element meshing after correction model, (c) and (d), respectively, express the equivalent stress and the displacement contour. Table 1 is the results of contrast before and after the optimization. From the maximum equivalent elastic strain, the maximum equivalent stress and the maximal displacement and other several important metrics, the optimized structure can completely meet the needs of the work. And the weight of the torque arm is decreased from 13.39 kg to 11.15 kg, weight loss ratio reach 16.7%, this is a very good result. In the process of optimization, the iteration volume ratio of the previous iteration is larger, in the middle and late iteration process, volume optimization tends to be flat, this shows that the optimized calculation is convergence, the optimization results are accurate [13] . 
The Optimization Result

Conclusion
(1) For the aircraft landing gear torque arm, structure optimization method based on the Workbench and the optimization process is given.
(2) The simulation results show that the torque arm in the process of carrying on web stress contribution is small, which can undertake large ratio optimization. Through the stress analysis and contrast of the before and after optimization, this method can be proved practically feasible.
(3) The weight of the torque arm reduces 2.24 kg, weight loss ratio reaches up to 16.7%. Not only to meet the torque arm work requirements, but also reduce the weight. Through this method, the other aircraft mechanical parts can use the lightweight structure optimization design.
